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[57] ABSTRACT 

A connecting member connected to an extension of a 
massflow controller has attached thereto a gatelike member 
to hold the connecting member from opposite sides thereof. 
The gatelike member has a pressing member for pressing the 
extension against the connecting member from immediately 
above a seal portion between the extension and the connect- 
ing member. 

8 Claims, 6 Drawing Sheets 
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FLUID CONTROL APPARATUS serving as a regulator and operable for controlling the rate of 

flow with unimpaired accuracy. 

BACKGROUND OF THE INVENTION The present invention provides a fluid control apparatus 

The present invention relates to fluid control apparatus comprising a regulator for regulating a flow rate or pressure, 

comprising a regulator such as a massflow controller for 5 a . regulator extension provided on each of front and rear 

controlling the rate of flow or a pressure regulator for sides °f 4 lower end portion of the regulator, and a connect- 

regulating pressure, an on-off valve, etc. in combination. m & member butted against a bottom face of the regulator 

Fluid control apparatus are known which comprise a extension the regulator extension being removably con- 
regulator for regulating the rate of flow or pressure, a in nected to the connecting member with a seal portion mter- 
regulatlor extension provided on each of the front and rear 10 P osed therebetween, the fluid control apparatus being char- 
sides of lower end or the regulator, and a connecting member actcnzed m that u a 8 a i e ^ e 1 m 5 lnb " I s attached to the 
butted against the bottom face of the extension, the exten- connecting member and has left and. right side walk for 
sion being removably connected to the connecting member holdm f the extension and thc connectmg member thereto- 
with a seal portion interposed there-between so that an „ tween from left and nght opposite sides thereof, the gatelike 
inverted L-shaped channel formed in the extension and member having a pressing member for pressing the exten- 
having an opening in its bottom face communicates with an S1 ° n a E amst , the peeling member from immediately 
L-shaped channel formed in the connecting member and abovc mc seal P° nK > n - 

having an opening in its upper surface (see JP-A-241400/ The terms u PP er and tower as used herein refer respec- 

1994). ' ' lively to the upper and lower sides of FIG. 1. Further the 

With the fluid control apparatus of the type described, it 2 ° side 300 tb f left-hand ^ <* ^ drawing are 

is necessary to frequently perform the procedure of remov- ref « r , red t0 85 boa \ a f nd ™ l > lyel * V" terms upper 

ing the regulator and installing the regulator again for the and lower are for ,he J sake ° f convenience; the appa- 

maintenance and inspection of the regulator. Accoidingly, it rahJS m % be u f d 45 fomed upside down or with its upper 

is desired to mount the fluid control apparatus on an alumi- 25 Slde P 0SI "°n«l laterally. The term regulator refers to a 

num panel so as to render the regulator singly removable mas ^ now poller, pressure regulator or hke dev.ee for 

upward. With the conventional fluid control apparatus regulating a flow rate or pressure. The term connecting 

described, therefore, the regulator is attached to the con- member f ets u t0 a myofunctional member which is to be 

necting member by inserting two bolts through the regulator kneeled to the regulator such as an on-off valve, regulat- 

extension and screwing the bolts into respective threaded 30 mevaWe, check valve, filter or block formed withTfluid 

bores in the connecting member. c anne ' 

With the conventional apparatus, the two bolts are posi- With tne fl k uid contral »PP ara |us of the invention, the 

tioned symmetrically on opposite sides of the seal portion. P^mg member presses the regulator extension against the 

To ensure fluid tightness by the seal portion, there is a need meeting member from immediately above the seal 

to alternately tighten the two bolts by a small amount each 35 {"f 100 ' so ,! hat ' here 15 n ° need to consider the fastening 

time with consideration given to the balance between the balaDCC " mlk ? the case wbereln two . ^ symmetncaUy 

bolts. Thus the apparatus has the problem that this procedure P 051 '° ned ™' h 7" to ,hc ^ l P? rtlon are ™* 

is cumbersome and difficult. Further in the case where the rcgulalor ,s thereforc easv t0 ulsta11 

panel for mounting the apparatus thereon is vertical, diffi- ^ Pressing member comprises, for example, a male 

culty is experienced in screwing the bolts into the respective 40 s"** portion screwed in a female screw portion extending 

threaded bores in the connecting member, so that the appa- mr o u S h a t0 P waU of the gatelike member, a spanner 

ratus also has the problem of causing damage to the seal engaging head integral with an upper end of the male screw 

portion by this procedure to result in impaired fluid portion, and a projection in the form of a short cylinder 

tightness, and the problem of allowing the bolt to fall off and mle 6 ra l with a lower end of the male screw portion. Since 

become lost in removing the regulator. 45 onl y °ne pressing member is disposed above the seal portion 

When the regulator is a massflow controller, the flow rate j?** ca f ' the f ale screw , por, j OD can be » ve ° a P**' 

is controlled on the premise that the fluid flowing into the lbea , m th f conventional arrangement wherein two 

controller is in the form of a laminar flow, whereas turbu- bo1 * are . ^T.t ^.T^ ° D ,° PP u ^ 

lence will occur because the fluid passes through the ^al portion with the result that the male screw can be given 

inverted L-shaped channel and the L-shaped channel before 50 a 6™ ter thread pitch. This assures proper tightening by 

flowing into thV massflow controller. Thfe entails the prob- controlling not only the torque but also the number of turns, 

lem of impairing the flow rate control accuracy of the , Alternatively the pressing member may comprise a 

controller. female screw element in the form of a bottomed tube and 

having a lower end face movable into contact with an upper 

SUMMARY OF THE INVENTION 55 surface of the extension, and a male screw element screwed 

, . . . . . . „ . , in the female screw element, the male screw element com- 

An object of the present invention is to provjde a fluid ^ a shank al ^ downwardl movabl 

control apparatus comprising a regulator which is easy to ^ h , bore e ^ eadi ^ lhro h a t ^ all of ^ teUke 

install and remove. , , . • » . , . 

member, and a spanner engaging head provided at an upper 

Another object of the invention is to provide a fluid 60 end of the shank and having a bottom face bearing on an 

control apparatus which is free of the likelihood that the uppe r surface of the top wall of the gatelike member 

members for use in fastening a regulator to a connecting Since the bottom face of the head tben beafS Qn the upper 

member will become lost. surface of the gatel3ce member top wallj the male xtGy , 

Another object of the invention is to provide a fluid element moves the female screw element upward when 

control apparatus which is improved in sealing property. 65 Screwed into the female screw element or moves the female 

Still another object of the invention is to provide a fluid screw element down when unscrewed from this element, 

control apparatus which comprises a massflow controller Further since the female screw element merely moves 
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upward or downward without rotation at this time, the FIG. 5 is a view in vertical section showing a third 

female screw element is thus movable free of the influence embodiment of fluid control apparatus of the invention; 

of the friction between the lower end face of the female p, G 6 fe an enl d f ra g mea tary view of FIG. 5; and 

screw element and the upper surface of extension of the _ ¥ _ , . , „ „ . 

controller, hence a stabilized tightening torque value. 5 7 * 3 VICW m SeCtl ° n taken al ° Dg the lme 7-7 m 

Preferably, the connecting member has a through bore 

extending transversely therethrough, and a rod rotatably OFSPRIPTION OF trf prfrfrrfh 

inserted through the bore has opposite ends fixed to respec- nxin^ixi^rrc 

tive lower ends of the side walls of the gatelike member, the bMBODlMbN IS 

gatelike member being pivotally movable to a position 1Q Embodiments of this invention will be described below 

where the gatelike member permits removal and installation ^ reference to the drawings, 

of the regulator free of interference therewith. When the . . _ 4 . en . , 

regulator is to be removed, the gatelike member can then be , FIG ' 1 shows a embodiment of fluid control apparatus 

pivotally moved so as not to interfere with the regulator to for ^ m ^conductor manufacturing equipment. The 

be removed, while the gatelike member is prevented from 1C '^dimeM comprises a first fluid inlet portion 1, first 

slipping off from the connecting member. Hie regulator is 15 on ** valve 2 « j™ 1 0 *° ff x ! alv u e * cha " nel blo <* 4 > 

therefore removable with ease. massflow controller (regulator) 5, third on-off valve 6 and 

A14 . . t . . . ., fluid outlet portion 7 which are arranged in this order from 

Alternatively, the connecting member has a guide groove e v , A , „ .. . . 4 & 0 . 

« a- .u i- . i c . j the rear forward. A second fluid mlet portion 8 is provided 

extending "rough transversely of the apparatus and under second ff yalve 3 ^ e * P 

extendmg longitudinally there, and a rod fitted m the guide ~ n c - A . t . , .... „ 1;. / 

j l, r j j . j 20 6, 7 adjacent to one another longitudinally of the apparatus, 

groove and movable forward and rearward has opposite ends ' „ foll J t . . ~ . Z * . ' , . . . 

fixed to respective lower ends of the side wdls of the aS ™ M I s the ^ ^ VaI ™ 3 an ^ tbe ^ u:le 

gatelike member, the gatelike member being movable for- 3 " are J 0 ™ . d to ° n ? an0ther a ,f 4l ,P° rt,0 » " of 

ward or rearward to a position where the gatelike member ^™ n COnS,rUCt, ° n {n0t Sh ° WD m ^ mterpOSed 

permits removal and installation of the regulator free of „ 

interference therewith. When the regulator is to be removed, ™* fluid Produced into the first fluid inlet 1, flows 

the gatelike member is then moved forward or rearward so trough the first on-off valve 2, the second on-off valve 3, a 

as not to interfere with the regulator to be removed. In communication channel 41 extending through the channel 

removing the regulator, moreover, the gatelike member is block 4 ' the massflow controller 5 and the third on-off valve 

prevented from slipping off from the connecting member. « 6 and ls discharged via the fluid outlet portion 7. Further the 

This assures facilitated removal of the regulator. fluid introduced into the second fluid inlet portion 3 flows 

Preferably, the regulator is formed with positioning pin J ro ^ h ' he ""J* on -° ff valve . 3 ' < h ? ch J* nel 41 J D ' he 

fitting grooves extending vertically. Positioning pins are * 0< * 4 ' massfl ^ C0Dtr / )ller * and lhe ^ d on-off valve 

provided upright on the panel for mounting the regulator 6 and 15 Charged from the outlet portion 7. 

thereon, and are fitted into the respective grooves. This 35 A rearward extension 9 in the form of a block is provided 

restrains the regulator from moving forward, rearward or at tne rcar sidc of lowcr and portion of the massflow 

transversely of the apparatus, consequently precluding dis- controller 5. A forward extension 10 in the form of a block 

placement of the seal portion and uneven tightening. In the k provided at the front side of lower end portion of the 

case where the regulator is to be attached to a vertical panel, controller 5. The rearward extension 9 of the controller 5 is 

the regulator can be prevented from falling off under gravity 40 removably attached to the front end of the channel block 4 

and can therefore be installed with greater ease. DV a fastener 11. The forward extension 10 of the controller 

Preferably, the bottom face of the extension is inclined 5 is attached to the rear end of main body 16 of the third 

upward toward a direction away from the regulator, and the on " off valve 6 m thc samc manner. 

connecting member has an inclined face in conformity with Each of the fasteners 11 comprises a rotatable rod 20 

and butted against the inclined bottom face. When a force is 45 rotatably inserted through a bore 19 extending through the 

applied to the extension from above by the pressing member, front end of the channel block 4 or the rear and of main body 

the bottom face of the extension is pressed against the 16 of the third on-off valve 6 transversely of the apparatus, 

inclined face of the connecting member with great pressure a gatelike member 21 mounted on the rotatable rod 20, and 

while slightly sliding, consequently subjecting the seal por- a pressing member 22 for pressing the extension 9 or 10 of 

tion increased pressure to ensure improved fluid tightness. 50 me massflow controller 5 from above the seal portion 18 

In the case where the regulator is a massflow controller, against the block 4 or the third on-off valve main body 16 as 

and a channel formed in the extension and a channel formed wil1 06 described later in greater detail, 

in the connecting member preferably have an obtuse angle The rearward extension 9 has a bottom face 9a in the form 

of intersection at the butting faces. The fluid flowing into the of a slope inclined forwardly downward at an angle of about 

massflow controller is then less likely to become a laminar 55 45 deg. The extension 9 has an inflow channel 42 commu- 

flow, with the result that the controller which is designed to nicating with a channel 43 in the main body of the massflow 

control the rate of a laminar flow provides accurate flow rate controller 5 for passing a fluid therethrough from the rear 

control without impairment. forward. The inflow channel 42 has an inclination smaller 

BRIEF DESCRIPTION OF THE DRAWINGS than a ™ gle wMl * ' he bo ' tom '* of the 

60 extension 9. Consequently, the inflow channel 42 forms an 

FIG. 1 is a view in vertical section showing a first obtuse angle of about 150 deg with the channel 43 in the 

embodiment of fluid control apparatus of the invention; mam body of the massflow controller. 

FIG. 2 is an enlarged fragmentary view of FIG. 1; The forward extension 10 has a bottom face 10a in the 

FIG. 3 is a view in section taken along the line 3 — 3 in form of a slope inclined forwardly upward at an angle of 

FIG. 2; 65 about 45 deg. The extension 10 has an outflow channel 44 

FIG. 4 is a view in vertical section showing a second communicating with the channel 43 in the massflow con- 
embodiment of fluid control apparatus of the invention; troller 5. The outflow channel 44 extends in a direction 
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approximately perpendicular to the bottom face 10a of the 
extension 10. Consequently, the outflow channel 44 forms 
an obtuse angle of about 135 deg with the controller main 
body channel 43. 

The channel block 4 provided between the second on-off 
valve 3 and the massflow controller 5 is formed with the 
communication channel 41 for causing the outflow channel 
40 in the main body 3a of the second-off valve 3 to 
communicate with the inflow channel 42 or the rearward 
extension 9 of the controller 5. The block 4 has a front-end 
upper face 4a butting against the controller rearward exten- 
sion 9 and in the form of a slope inclined forwardly 
downward in conformity with the forwardly downward 
bottom face 9a of the extension 9. 

The communication channel 41 of the channel block 4 
comprises an upstream portion 41a communicating with an 
inflow channel 40 of the second on-off valve 3, and a 
downstream portion 4lb communicating with the inflow 
channel 42 of the controller 5. The upstream portion 41a is 
slightly inclined forwardly downward, the downstream por- 
tion 41b is slightly inclined forwardly upward, and these 
portions 41a and 41b make an obtuse angle of about 150 
deg. The downstream portion 41b has an inclination smaller 
than a right angle with respect to the front-end upper face 4a 
of the block 4. Consequently, the downstream portion 41b 
makes an obtuse angle of about 165 deg with the inflow 
channel 42 of the controller 5. 

The length of main body 3a of the second on-off valve 3 
is equal to that of the main body 2a of the first one-off valve. 
The main body 16 of the third on-off valve 6 has approxi- 
mately twice the length of the main body 2a of the first 
on-off valve 2. The third on-off vale 6 has an actuator portion 
6a which is provided in the front half of the valve main body 
16. The main body 16 of the third on-off valve 6 has a 
rear-end upper face 16a butting against the forward exten- 
sion 10 of the controller 5 and in the form of a slope which 
is inclined forwardly upward at the same angle as the 
forwardly upward bottom face 10a of forward extension 10 
of the controller 5, i.e., about 45 deg. The third on-off valve 
6 has an inflow channel 45 which comprises an upstream 
portion 45a extending forwardly downward from the front 
end of outflow channel 44 of the controller forward exten- 
sion 10. and a downstream portion 45b extending vertically 
upward from the front end of the upstream portion 45a. The 
upstream portion 45a has a smaller inclination than a right 
angle with respect to the rear-end upper face 16a of the third 
on-off valve main body 16. Consequently, the inflow chan- 
nel upstream portion 45a of the main body 16 makes an 
obtuse angle of about 150 deg with the outflow channel 44 
of the controller 5. The upstream mortion 45a further forms 
an acute angle of about 75 deg with the downstream portion 
45b. 

With the fluid control apparatus, the fluid flowing out 
from the outflow channel 40 of the second on-off valve 3 
flows through the communication channel upstream portion 
41a of the channel block 4, the downstream portion 416 
making an obtuse angle with the portion 41a and the inflow 
channel 42 of the controller rearward extension 9 making an 
obtuse angle with the portion 41b, enters the channel 43 of 
the controller main body making an obtuse angle with the 
channel 42, and further flows through the forward extension 
outflow channel 44 making an obtuse angle with the channel 
43 into the inflow channel upstream portion 45a of the third 
on-off valve 6 making an obtuse angle with the channel 44. 
Thus, the channels 41a, 416, 42, 43, 44, 45a in front and rear 
of the massflow controller 5 all make an obtuse angle with 
one another. This assures that the fluid through the channel 
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43 in the controller main body will be in the form of a 
laminar flow. This obviates the problem of the conventional 
fluid control apparatus that the passage through the inverted 
L-shaped channel and L-shaped channel before entering the 

5 massflow controller produces turbulence to impair the flow 
control accuracy of the controller. 

Next with reference to FIGS. 2 and 3, a detailed descrip- 
tion will be given of the fastener 11 for attaching the 
controller rearward extension 9 to the channel block 4. FIG. 

10 3 is a view in section taken along the line III — III of FIG. 2, 
which is an enlarged view of FIG. 1. The left- and right-hand 
sides of FIG. 3 correspond respectively to the terms left and 
right as used herein. 
With reference to FIG. 3, the gatelike member 21 com- 

15 prises left and right side walls 21a, and a top wall 21b. The 
spacing between the lower portions of the side walls 21a is 
made equal to the left-to-right widths of the rearward 
extension 9 and the channel block 4. The side wells have 
upper portions which are so inclined as to decrease the 

20 spacing therebetween. The top wall 216 has a bore 28 
extending from its top downward therethrough and circular 
in cross section, and a recess 29 communicating with the 
lower end of the bore 28, rectangular in cross section, 
opened downward and having a greater cross sectional area 

25 than the bore 28. As will be described later, the bore 28 
serves to guide a male screw element 23 oil the pressing 
member 22, and the recess 29 serves to guide a female screw 
element 24 of the pressing member. 

3Q Each side wall 21a is formed with a hole 30 in its lower 
end. The rotatable rod 20 has its opposite ends fixedly fitted 
in the respective holes 30, whereby the gatelike member 21 
is made pivotally movable about the axis of the rod 20 
extending transversely of the apparatus, and the fastener 11 

35 is prevented from falling off. This structure for making the 
member 21 pivotally movable and preventing the fastener 11 
from falling off is not limitative; the rod 20 may be replaced 
by opposed flanged pins loosely inserted through the respec- 
tive holes 30 of the side walls 21a from outside having their 
inner ends inserted into a through bore 19 19 of the channel 
block 4 by a press fit. 

The pressing member 22 comprises the above-mentioned 
elements, i.e., the female screw element 24 in the form of a 
tube having a bottom, and the male screw element 23 

45 screwed in the element 24. 

The female screw element 24, which is a tube having an 
approximately circular cross section, is internally threaded 
and formed on its outer periphery with a pair of left and right 
flat faces 24a parallel to each other. The distance between 

50 the flat faces 24a is made approximately equal to the 
left-to-right width of the female element guide recess 29 
formed in the bottom of top wall 21b of the gatelike member 
21. The female screw element 24 has an upper and portion 
fitted in the recess 29 slidably and nonrotatably, and a lower 

55 end face which is movable into or out of contact with the 
upper surface of extension 9 or 10 of the massflow controlle 
5 with the rotation of the male screw element 23. The 
extension 9 or 10 is formed in its upper surface with a cavity 
39 circular-arc in vertical section and extending transversely 

60 of the apparatus for receiving the lower end face, circular- 
arc in vertical section, of the female screw element 24 to 
position the pressing member 22 in place when the control- 
ler 5 is installed. 
The male screw element 23 comprises a shank 25 inserted 

65 through the bore 28 of the gatelike member top wall 216 and 
movable upward or downward, a spanner engaging head 26 
provided at the upper end of the shank 25 and having a lower 
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face bearing on the upper surface of the top wall 216, and an i.e., about 45 dag. The upper face 17a is butted against the 

externally threaded portion 27 extending from the lower end bottom face 9a of the extension 9. 

of the shank 25 and having a slightly greater diameter than The fourth on-off valve 12 has an outflow channel 48, 
the shank 25. The head 26 has a regular hexagonal cross which comprises a downwardly extending upstream portion 
section and a socket 26a facing downward and having fitted 5 48a, and a downstream portion 486 communicating with the 
therein the upper end of the shank 25 projecting upward inflow channel 42 of the controller 5. The upstream portion 
beyond the top wall 216. The shank 25 is connected to the 48fl makes an acute angle of about 75 deg with the down- 
head 26 by a spring pin 31. A collar 32 interposed between stream portion 486 which is slightly inclined forwardly 
the upper end of the externally threaded portion 27 and the upward. The downstream portion 486 has an inclination 
bottom of the top wall 216 is fitted around the lower end of 10 smaller than a ri & 1 an 6 le ^ res P ect to the front-end upper 
the shank 25. The heed 26 may be square in cross section, fac * 17fl ° f valve main ^ }J' 9^ ue <%> the 
or may have a circular cross section and a spanner engaging ou ! fl °7 chatmcl downstream portion 48a of the fourth on-off 
socket in its top vc orms aD 0Dtusc an S le or aD0Ut 165 de 8 tnc mfb w 

channel 42 of the massflow controller 5. 

With the fastener 11 wherein the head 26 of the male with lhc KCOnd embodiment, the channel block 4 of the 

screw element 23 toman the upper surface of the gatelike 15 ^ cmbodimeDt is fCplaccd by thc fourth 0Mff valye n 

member top wall 216, the male screw element 23 moves the with rcspect to thc fct aad sccood embodiments, like parts 

fema e screw element 24 upward when screwed into the are des ig natc d by like reference numerals or symbols and 

female screw element 24 or moves the element 24 down ^ not be described repeatedly 

when unscrewed from the element 24. Since the female According t0 the te and erabodime nts, the 

screw element 24 merely moves upward or downward 20 ^ 5 fa tQ ^ channd 51ock 4 or 

without rotation at this time, the element 24 is thus movable ^ yalye maifl bod 1? and tQ ^ yalve main M u 

ree of he influence of the friction between the lower end whefeas ^ 5 ^ ^ced g lat0 / such 

face of the element 24 and the upper surface of extension 9 ag a ^ ^ Qf ^ of v ; ives * for regulat . 

or 10 ofthe controUer 5, hence a stabilized tightening .torque m the rate of QT fe , n additioQ (o ^ valve * main 

value. The male and female screw elements 23 and 24 may 25 1jC _ • . . . , U1 , ^ 

u ■ u* u j j i ft u j j u u *u i * Dod y 16 > or tne valve main body 17 or channel block 4, a 

be right-handed or left-handed, whereas when the element fi1 ,/ r „ ' . u» ——*~a ™u „ , ' 

.j., , , .... . . . . , filter or other member may be connected to such a regulator 

24 is to be pressed against the extension by rotating the male . • U1 <. . a ° „ . 

i 4 « ■ Lt « , , , 7 . * or valve m a suitable combination to provide a fluid control 

screw element 23 rightward, both the screw elements 23, 24 anoaratus 

are left-handed. , u ' . lL 

_ „ . . , , in Alternatively, the pressing member may be a rotatable 

The massflow controUer 5 is removable upward by mov- eccentric rod exteriding through the left and ri ht side wal]s 

ing the female screw element 24 in the state shown in FIGS. 2U of the gatelike member 21 and havi a short radius 

1 to 3 upward and then turning the element away from the portion and a long radius rtion When rotatedj the eccen . 

controUer 5. When the controller 5 is to be installed, the rod ^ brou ^ t alternatively to a state wherein the short 

controUer extension 9 and the channel block 4 have their left radius portion ^ opposed tQ the extension 9 or 10 of the 

and right sides held between the lower portions of the side controUer 5, creating a clearance between the eccentric rod 

waUs21a and are thereby positioned in place transversely of and me exteil sion 9 or 10, or to a state wherein the long 

the apparatus, so that even if the canal on which the radius portion is in pressing ^ the surface 

apparatus is to be instaUed is vertical, the apparatus can be of the extension 9 or 10 . Thus, the pressing member 22 or 

instaUed efficiently without necessitating much time for the rod presses the bottom face 9a {m of tfae 

positioning or effecting screw-thread engagement. This CODt roUer extension 9 (10) against the butt face 4a of the 

obviates problems such as causing damage to the seal channd block 4 or tfae bmt face 17a of tfae valve main bod 

portions during the installation procedure to result m 17 (the butt face l6a of the valve maifl body 16) immedi . 

impaired fluid tightness. ately from above the seal portion 18 mgtQ the exteDsion is 

FIG. 4 shows a second embodiment of fluid control 45 to be fastened to the channel block or valve main body with 

apparatus for use in semiconductor manufacturing equip- two bolts positioned symmetrically with the seal portion 18, 

ment. The embodiment comprises a first fluid inlet portion 1 , the bolts must be tightened in balance, whereas such balance 

first on-off valve 2, second on-off valve 3, fourth on-off need not be considered in the structure described, 

valve 12, massflow controller 5, third on-off valve 6 and Th c bottom faces 9fl> 10fl 0 f the extensions 9, 10 and the 

fluid outlet portion 7 which are arranged in this order from 5Q butt f accs 4^ ifa, 17a of me block 4 and me valve main 

the rear forward. A second fluid inlet portion 8 is provided bodies 16, 17 are slopes according to the foregoing 

under the second on-off valve 3. Channel blocks 13, 14 are embodiments, whereas the fasteners 11 are usable even if 

provided under the fourth on-off valve 12 and the third these butt faces 9a, 10a, 4a, 16a, 17a are not slopes. While 

on-off valve 6, respectively, and interconnected by a tube 15. the channels 41a; 416, 42, 43, 44, 45a, 486 in front and rear 

The first fluid inlet portion 1, first on-off valve 2, second 55 of the massflow controUer 5 make an obtuse angle with one 

on-off valve 3, massflow controller 5 and fluid outlet portion another, this arrangement is usable even if the butt faces 9a, 

7 are the same as those in the first embodiment. The main 10a, 4a, 16a, 17a are not inclined. 

body 16 of the third on-off valve 6 is addiuonaUy provided Although the gatelike member 21 is attached to the 
with a channel communicating with the channel block 14. connecting member 4, 16 or 17 so as to be pivotaUy movable 
The fourth on-off valve 12 has a main body 17 in the form 60 about a transverse axis according to the foregoing 
of a block. The main body 17 has approximately twice the embodiments, the member 21 may be attached to the con- 
length of the main body 2a of the first on-off valve 2. The necting member so as to be movable forward and rearward, 
valve 12 has an actuator portion 12a which is provided on FIGS. 5 to 7 show such an embodiment (third embodiment), 
the rear half of the valve main body 17. The valve main body With reference to FIG. 5, the third embodiment of fluid 
17 has a front-end upper face 17a which is in the form of a 65 control apparatus comprises a massflow controller 5, and 
slope inclined forwardly downward at the same angle as the first and second on-off valves 33, 34 arranged respectively 
bottom face 9a of rearward extension 9 of the controller 5, at the rear side and the front side of the controUer. 
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The controller 5 differs from those of the foregoing The lower surfaces 36a, 37a of extensions 36, 37 of the 

embodiments in that it is formed in each of its left and right on-off valves 33, 34 are each formed with a guide groove 58 

sides with a vertical pin fitting groove 35 extending to the for guiding the horizontal rod 52 of the fastener 38. The 

lower end of the controller. Accordingly, the same reference guide groove 58 is open downward, and the bottom face of 

numerals as in the foregoing embodiments are used for the 5 me grooved portion 58 is formed at its front and rear end 

controller 5 to avoid repeated description. wth respective cavities 59, 60 circular-arc in vertical section 

The first on-off valve 33 has a blocklike forward extension f n , d pending transversely of the apparatus for the horizon- 

36 at the front side of its main body. The second on-off valve f rod f 2 ? cn && * * ?°f l0 h D the , rod 52 10 P lace ^ D 
* A , U1 , ... j . • lypm 4 .« j r me controller is installed and when it is to be removed. As 
34 has a MockUce rearward extension 37 at the rear side of ^ ?WD m nG 6 , hc fod positioning cavity 59 for the 

i s mam o y. installation of the controller is positioned below the pressing 

The forward extension 36 of the first on-off valve 33 has member positioning cavity 39 for the installation of the 

a flat bottom face 36a, an upper face 36b parallel to the face controller. The rod positioning cavity 60 for the removable 

36a and having a front end rearward of that of the bottom of the controller is positioned below the pressing member 

face 36a, and a slanting face 36c inclined downward from positioning cavity 49 of extension 36 or 37 of the valve 33 

the front and of the upper face 36b and in conformity with 15 or 34 for the removal of the controller. The center of the 

the bottom face 9a of rearward extension 9 of the controller cavity 39 and the center of the cavity 59 are arranged on a 

5. The rearward extension 37 of the second on-off valve 34 vertical line above and below the center of the seal portion 

has a flat bottom face 37a, an upper face 37b parallel to the 18, respectively. 

face 37fl and having a rear end forward of that of the bottom A panel 61 for mounting the massflow controller 5 and the 

face 37a, and a slanting face 37c inclined downward from 20 on-off valves 33, 34 thereon is provided with a pair of left 

the rear end of the upper face 37a and in conformity with the and rig 1 * vertical guide pins 62 finable in the respective pin 

bottom face 10a of forward extension 10 of the controller 5. fittin g grooves 35 in the controller 5. 

As seen in FIG. 6, the forward extension 36 of the first ^ massflow controller 5 and the on-off valves 33, 34 are 

on-off valve 33 is formed with an outflow channel 64 ™ nted ,°, D * e P anel , P™f*ue Jo be described 

communicating with the controller 5 and comprising a 25 be ow with reference to FIGS. 6 and 7 (m which the second 

valve 3^ is not shown) 

horizontal upstream portion 64a, and a downstream portion c , . / ~ . ~. „ c 

Mb orthogonal to the slanting face 37c. The upstream , ^ first and second on^ff valves 33 34 are first fettned 

portion 64« makes an obtuse angle of about 145 deg With the ™£ ' honzoDta J rod g ° f 

*, . /j I Tt. i i_ < *u j cach fastener 38 wherein the male screw portion 55 is 

downstream portion 64b The angle between the down- unscrewed ^ fittcd mt0 me idc e 58 £ f cach of the 

stream portion 646 and the inflow channel 42 of the con- cxt6Dsions 36> 37 of the valves 33> 34 , he projcction 57 of 

rouer 5 is 1BU deg. ^ p rcss i Q g memD er 53 is positioned above the cavity 49, 

The rearward extension 9 of the controller 5 is removably and foe rod 52 is fitted to the cavity 60. The male screw 

attached to the forward extension 36 of the first on-off valve port i OD 55 Q f mc pressing member 53 is tightened in this 

33 by a fastener 38. The forward extension 10 of the 3S statef whereby the fastener 38 is temporarily held in a 

controller 5 is similarly attached to the rearward extension position where the fastener will not interfere with the 

37 of the second on-off valve 34. massflow controller 5 to be mounted as indicated in broken 
Each of the fasteners 38 comprises gatelike member 51 lines in FIG. 6. The guide pins 62 are then fitted into the 

including left and right side walls 51a opposed to each other grooves 35 in the controller 3, whereby the bottom face 9a 

as spaced apart by a distance equal to the left-to-right width 40 of rearward extension 9 of the controller 9 is butted against 

of the extension 36 or 37 of the valve 33 or 34, and a top wall the slanting face 36c of forward extension 36 of the first 

516 formed with a female screw portion 54 extending valve 33, and the bottom face 10a of forward extension of 

therethrough; a horizontal rod 52 connected between the the controller 5 against the slanting face 37c of rearward 

lower ends of the member 51; and a pressing member 53 extension 37 of the second valve 34. The male screw portion 

extending through the female screw portion 54 of the 45 55 of each pressing member 53 is subsequently loosened, the 

gatelike member 51 in screw-thread engagement therewith horizontal rod 52 is moved toward the controller 5 along the 

for pressing the extension 9 or 10 against the valve extension guide groove 58, the projection 57 of the pressing member 

36 or 37 • 53 is positioned above the recess 39, and the rod 52 is fitted 

As shown on an enlarged scale in FIG. 6, the pressing into the cavity 59. When the male screw portion 55 of each 

member 53 comprises a male screw portion 55 screwed in 50 pressing member 53 is then progressively screwed in, the 

the female screw portion 54 of the gatelike member 51, a projection 37 of the pressing member 53 fits into the cavity 

spanner engaging head 55 integral with the upper end of the 39. Consequently, the controller 5 is connected to the first 

portion 55, and a projection 57 integral with the lower end and second on-off valves 33, 34. The rod positioning cavity 

of the male screw portion 55, in the form of a short cylinder 59 for the installation of the controller and the pressing 

and having a lower end face with a circular-arc vertical 55 member positioning cavity 39 for the installation of the 

section. controller determine the position of the fastener 38, whereby 

As previously described, the rearward or forward exten- me extension 9 (10) of the controller 5 is pressed against the 

sion 9 or 10 of the massflow controller 5 is formed in its extension 36 (37) of the valve 33 (34). 

upper surface with the cavity 39 circular-arc in vertical When the controller 5 is to be removed, the male screw 

section and extending transversely or the apparatus for 60 portion 55 of each pressing member 53 is loosened, and the 

receiving the lower end face of the projection 57 of the horizontal rod 52 is moved along the guide groove 58 to 

pressing member 53 to position the pressing member in position the projection 57 of the pressing member 53 above 

place when the controller 5 is installed. The upper surfaces the cavity 49, fit the rod 52 in the cavity 60 and temporarily 

366, 37b of extensions 36, 37 of the on-off valves 33, 34 are hold the fastener 38. The controller is thereafter removed 

also each formed with a cavity 49 shaped similarly for 65 upward. 

positioning the pressing member 53 in place when the The controller 5 is positioned in place for installation by 

controller 5 is to be removed. fitting the guide pins 62 into the grooves 35 of the controller 
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5, and also by the side walls 51a of each galelike member portion of the regulator, and a connecting member butted 

51 holding the controller extension 9 (10) and extension 36 against a bottom face of the regulator extension, the regu- 

(37) of the valve 33 (34) from opposite sides thereof. lator extension being removably connected to the connecting 

Accordingly, the controller 5 is restrained from moving member with a seal portion interposed therebetween, the 

forward, rearward or transversely, so that even if the panel 5 fl u id contr ol apparatus being characterized in that a gatelike 

for mounting the apparatus thereon is vertical, the controller mcmber ^ attached to the connecting member and has left 

can be positioned in place and the bolts can be screwed into and ^ side walls for holdi the extension m6 the 

the respective threaded bores without necessitating much connecting member therebetween from left and right oppo- 

time, hence an improved work efficiency The above feature ^ gides thereof ^ ^ member 

also obviates the problem of causing damage to the seal 10 . , 4 Jf 

. i , • • .u i- . a <i_ member for pressing the extension agamst the connecting 

portions by the work to impair the seahng property, and the « • j. . , , . & . & 

™m™ ~f tu~ ™i „Jl*lJr n JJ member from immediately above the seal portion, 

problem oi displacement of the seal portions and uneven „ A „ . . . J ..... 

tightening control apparatus according to claim 1 wherein 

. 4 iL ,., ... . „ the connecting member has a through bore extending trans- 
According to the third embodiment, the massflow con- „ orp .„ . n . ?~ . , . , ,, k , 
troller 5 can be installed to the panel 61 as positioned 15 ^ therethrough, and a rod rotatably inserted through 

vertically, without falling off under gravity. TOs^ures a J c ^ h " 0 ™??* c ?"" d to ™Pf™ ^ er ends K of 

further facilitated installation procedure. The fastener 38 can * e ■* wtUs of the &* el * e member > the gatelike member 

be held temporarily and is therefore unlikely to pivotally bein S P 1V0t ally movable to a position where the gatelike 

move downward under gravity and to block, for example, memb 5 r P ermits rer " oval a ° d inslallal ™ of the regulator 

the space for the instaUation of the controller 5, even if the 20 free of interference therewuh. 

panel 61 is vertical. The arrangement described is thus t h 000 apparatus according to claim 1 wherein 
advantageous especially for mounting the controller 5, etc. * c member has a guide groove extending there- 
on the vertical panel 61 through transversely of the apparatus and extending longi- 
^ tudinally thereof, and a rod fitted in the guide groove and 

The fastener 11 of the first and second embodiments and movab ie forward and rearward has opposite ends fixed to 

the fastener 38 of the third embodiment are interchangeable. resp ective lower ends of the side walls of the gatelike 

The fastener 11 of the first and second embodiments may be memD er, the gatelike member being movable forward or 

incorporated into the third embodiment, while the fastener rearward t0 a positkm where the telike membef its 

38 of the third embodiment is usable in the form of the first removal and insta ii aU on of the regulator free of interference 

or second embodiment. ^ merewith . 

With the fasteners 11, 38 of the first to third embodiments, 4. A fluid control apparatus according to claim 1 wherein 

the pressing member 53 having the male screw member 23 the regulator is formed with positioning pin fitting grooves 

or the mate screw portion 55 is singly disposed above the extending vertically. 

seal portion 18. The male screw portion 27 or 55 can 5. A fluid control apparatus according to claim 1 wherein 

therefore be given a greater thickness than in the conven- 35 the bottom face of the extension is inclined upward toward 

tional arrangement wherein two bolts are positioned sym- a direction away from the regulator, and the connecting 

metrically on opposite sides of the seal portion 18, with the member has an inclined face in conformity with and butted 

result that the male screw portion 27 or 55 can be given a against the inclined bottom face, 

greater thread pitch. This assures proper tightening by 6. A fluid control apparatus according to claim 5 wherein 

controlling not only the torque but also the number of turns. 4Q the regulator is a massflow controller, and a channel formed 

As will be apparent from FIGS. 2 and 6, when a down- in the extension and a channel formed in the connecting 

ward force is applied to the controller extension 9 or 10 from member have an obtuse angle of intersection at the butting 

above by the pressing member 22 or 53 in the first to third faces. 

embodiments, the bottom face 9a or 10a of extension 9 or 7. A fluid control apparatus according to claim 1 wherein 

10 of the controller 5 is pressed against the butt face 4a, 16a, 45 the pressing member comprises a male screw portion 

36c or 37c or the block 4 or valve 6, 33 or 34 with a great screwed in a female screw portion extending through a top 

pressure while slightly sliding along the butt face. Thus, the wall of the gatelike member, a spanner engaging head 

extension 9 or 10 acts like a wedge to give an increased integral with an upper end of the male screw portion, and a 

pressure to the seal portion 18 and assure improved fluid projection in the form of a short cylinder integral with a 

tightness. 50 lower end of the male screw portion. 

When installing the controller 5, it is necessary to alter- 8 - A fluid °° n trol apparatus according to claim 1 wherein 

nately tighten the forward fastener 11 or 38 and the rearward ^ pressing member comprises a female screw element in 

fastener 11 or 38 in good balance. With the conventional ^ form of a bottomed tube and having a lower and face 

fluid control apparatus, there is a need to tighten two left and movable into contact with an upper surface of the extension, 

right bolts in the front and two left and right bolts in the rear 55 and a male screw element screwed in the female screw 

while maintaining front-rear balance and also left-right element, the male screw element comprising a shank 

balance, whereas use of the fasteners of the invention upwardly and dowrwardly movably inserted through a bore 

achieves a remarkable improvement in work efficiency over extending through a top wall of the gatelike member, and a 

the conventional arrangement. spanner engaging head provided at an upper and of the shank 

What is claimed is: 60 and °aving a bottom face bearing on an upper surface of the 

1. A fluid control apparatus comprising a regulator for top wall of the gatelike member, 
regulating a flow rate or pressure, a regulator extension 

provided on each of front and rear sides of a lower and ***** 
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